The current study investigated the efficacy of propolis supplementation (bee glue; BG) on ameliorating overcrowding and heat stress-induced impairment of growth performance, immunity, some stress indicators, and jejunum morphology in broilers. Three hundred eighty 21-d-old Ross 308 male broilers were randomly divided into 6 treatments. From d 22, the birds were either kept at thermoneutral zone (22 C) or subjected to cyclic heat stress by exposing them daily to 32 C for 10 h (from 0800 to 1800) and 22 C from 1800 to 0800. The 2 levels of stocking density include the experimental groups with low stocking density (LSD; 10 chickens/m 2 ) and those with a HSD (18 chickens/m 2 ). A basal diet supplemented with BG (4 g/kg of diet) was fed to 2 groups, one with HSD and the other with LSD. The heat stress resulted in a significant decrease in broiler performance, coefficient of ileal digestibility (CIAD) of nitrogen (N), apparent metabolisable energy (AME), relative weight of lymphoid organs, morphometric indices, and increased mRNA levels of heat shock protein 70 (HSP70) in breast muscle. Overcrowding stress reduced performance parameters, heterophil:lymphocyte (H:L) ratio but increased levels of IgA, IgM, nitric oxide (NO), corticosterone (CS), and HSP70. Growth performance, CIAD of N, AME, relative lymphoid organs weight, and jejunum villus height were increased by BG supplementation in the chickens stocked at HSD than those housed at LSD. In addition, BG supplementation reduced blood NO and CS concentrations, and mRNA levels of HSP70 but elevated H:L ratio in heat-stressed broiler compared those reared under thermoneutral zone. It was concluded that dietary use of BG as a feed supplement can reduce some of the detrimental effects of heat stress and HSD in broilers.
Introduction
In the modern broiler chicken production systems, different environmental factors can result in stress. Ambient temperature is an important factor in poultry production since it affects the performance and causes economic problems (Bartlett and Smith 2003; Attia et al. 2006 Attia et al. , 2011 Attia and Hassan 2017) . Poultry have to protect their body temperatures against the changes in a ent temperatures. Ambient temperatures above the thermoneutral (TN) zone of chickens have been related to oxidative stress (Attia et al. 2016) , as reflected in elevated lipid peroxidation products in blood and tissues, causing protein and DNA oxidation. Typically an upregulation of heat shock proteins (HSPs) is observed upon heat stress (Bongiovanni et al. 2007 ). Stocking density is considered as an important stress factor in broiler production because it is generally effective on health, welfare, well-being, and performance (Gomes et al. 2014) . Although various stocking densities, depending on the production system and country, are used, a high stocking density (HSD) can be stressful and has detrimental effects on broiler performance and physiological parameters (Cengiz et al. 2015) .
Several parameters are measured as stress biomarkers in broilers, including plasma levels of corticosterone (CS), glucose, cholesterol, and nitric oxide (NO); the heterophil:lymphocyte (H:L) ratio; and lymphoid organs' weight (Munck et al. 1984) . Reduction in the numbers of lymphocytes and monocytes and increase in the numbers of heterophils and H:L ratio have been reported for stressed broilers (Cengiz et al. 2015) . HSPs are a family of proteins that are produced by cells in response to thermal and non-thermal stressors (Akbarian et al. 2014) . Previous research in broilers showed that social isolation may elicit HSP70 expression.
The dietary application of natural antioxidants is considered an appropriate practical strategy to reduce the deleterious consequences of stressors in animals (Seven et al. 2012; Attia, Abd Al-Hamid, et al. 2014; Attia, El-Hanoun, et al. 2014; Attia et al. 2015) . Propolis (bee glue; BG) is a resinous and balsamic substance that is collected from buds, leaves and similar parts of trees and plants like pine, oak, eucalyptus, poplar, chestnut, etc. by honeybees (Apis mellifera) and mixed with wax. Seven et al. (2012) reported that dietary supplementation of BG is more effective than vitamin C on growth performance of broilers exposed to heat stress that can be attributed to positive effects of BG on reduction in the deleterious effects of oxidative stress. Propolis has strong antibacterial, antioxidant, antiviral, and anti-inflammatory, antifungal and immunorestorative properties, and cytostatic and hepatoprotective activities (Sforcin 2007; Attia et al. 2015) . Due to the presence of important compounds such as flavonoids, phenolic constituents and terpenoid, the use of BG in broiler diet was recommended as a way to minimise the negative effects of heat stress (Attia, Abd Al-Hamid, et al. 2014; Hosseini et al. 2016) .
The positive effects of BG on broiler health have already been reported, but to the best of our knowledge, no information is available concerning the potential effects of BG under the stress caused by HSD and high ambient temperature. Hence, the present study tested the hypothesis supplementation with BG, as a beneficial feed additive, could alleviate the detrimental effects of cyclic heat stress and overcrowding in finishing broilers.
Materials and methods
The trial was conducted in the Poultry Research Unit of the Animal Sciences Research Institute (ASRI). All the procedures carried out in this experiment were approved by the Animal Ethics Committee of Lorestan University, Khorramabad, Iran.
Preparation of BG
The propolis was mainly collected by the honey bee from Amygdalus scoparia L. (Karaj, Alborz, Iran) in the spring season and frozen (À24 C) immediately. An amount of 30 g of the frozen samples was extracted with 70% ethanol. The extract was taken shaken at 250 Hz at room temperature for 48 h in the absence of bright light. After filtration, the extract was evaporated with a vacuum evaporator at 50 C.
Birds, diets, and management
Three hundred eighty 1-d-old Ross 308 male broilers were first brooded in wood shaving bedding. All chickens received the same starter diet (Table 1) were divided into 2 separated rooms. Each room was controlled at a given temperature. The chickens were fed corn-soybean basal diets (CON) that were formulated for starter (d 0-21) and finisher (d 22-42) according to the NRC (1994) recommendations (Table 1) . Treatments included CON-TN/LSD (no additive), BG-TN/LSD, CON-HS/LSD, BG-HS/LSD, CON-HS/HSD and BG-HS/HSD. In the experiment period, chickens were either kept at TN zone (22 ± 1 C) or exposed to heat stress (33 ± 1 C for 10 h, from 0800 to 1800 h, and 22 C from 1800 to 0800 h). The RH in both temperature treatments was 70%. The chickens had free access 
